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Independent Review Panel Summary Report
September 30, 2009
From: Independent Review Panel, Hydrogen Production Cost Estimate Using Water Electrolysis

To: Mr. Mark Ruth, NREL, DOE Hydrogen Systems Integration Office
Mr. Todd Ramsden, NREL, Hydrogen Technologies and Systems Center

Subject: Independent Review Panel Summary Report

Per the tasks and criteria of the Independent Review Charter of December 22, 2008, this is the
Independent Review Panel’s unanimous technical conclusion, arrived at from data collection, document
reviews, interviews, and deliberations from February 2009 through June 2009. All reported hydrogen
costs include a real 10% internal rate of return on investments and are expressed in 2005 reference-year
dollars. For central production, the hydrogen cost is at the plant gate of an electrolysis facility with a
capacity of 50,000 kg/day. For distributed production the electrolysis unit is located at a forecourt
refueling site and has a design capacity of 1,500 kg/day. The distributed hydrogen cost includes both the
production cost and the cost of compression, storage, and dispensing.

Conclusions

e The current (2009) state-of-the-art cost for delivered hydrogen from electrolysis for a forecourt
refueling station ranges from $4.90/kg-H, to $5.70/kg-H, dispensed at the pump, with a base-case
estimate of $5.20/kg-H,. This base-case estimate of $5.20/kg-H, includes an electrolysis production
cost of $3.32/kg-H, and compression, storage and dispensing costs of $1.88/kg-H,. These costs are
evaluated using EIA Annual Energy Outlook (AEO) 2005 High A Case industrial electricity costs
($0.053/kWh on average).

e The current (2009) state-of-the-art plant gate cost for hydrogen from a central electrolysis operation
ranges from $2.70/kg-H, to $3.50/kg-H, with a base-case estimate of $3.00/kg-H,. These costs are
evaluated at an assumed renewable-based electricity cost of $0.045/kWh, which was supplied to the
Panel by DOE and based on wind-generated electricity.

e Significant technology advancements in reducing capital costs and improving efficiency have lead to
substantially improved electrolysis production costs compared to DOE’s H2A assessment of 2005
technology costs (forecourt production at $6.05/kg and central production at $4.50/kg). Current state-
of-the-art electrolysis conversion efficiency is 67% (LHV), only slightly less than the DOE 2014
target of 69%. Electrolyzer capital costs are expected to fall to $380/kW for forecourt production
systems and $460/kW for central production facilities, compared to the DOE 2014 targets of
$400/kW and $350/kW, respectively.

Rationale

Based on its electrolyzer experience and investigations into current state-of-the-art electrolyzer
technologies, the Panel has determined that recent advances in electrolyzer technologies are expected to
result in reduced capital costs and improved conversion efficiency. These technology advances are either
ready for commercial development or could be commercialized within about four years. As part of its
examination of electrolyzer technologies, the Panel reviewed the available information concerning
electrolysis technologies and gathered feedback from electrolyzer suppliers and developers. The Panel
examined annual and final reports from DOE-funded principal investigators as well as other general
electrolysis reports and relevant literature. The Panel also had discussions with electrolyzer companies
regarding their new technology developments, laboratory-scale electrolyzer demonstrations, and

i



commercial offerings. Innovations and advancements presented to the Panel by electrolyzer companies
support the significant reduction in capital costs and efficiency improvement expressed in this report.
Advancements have been made in both proton exchange membrane (PEM) and alkaline electrolyzers and
the cost and efficiencies of both approaches overlap, with neither having a clear advantage over the other.

To arrive at hydrogen costs for central and distributed production using water electrolysis, the Panel used
the DOE H2A Production model modified to reflect current state-of-the-art electrolysis technologies.
Specifically, the Panel used the DOE-published H2A cases for forecourt and central electrolysis
production representing 2005 technology as a starting point. All of the inputs were reviewed and were
modified as appropriate based on the Panel’s experience and its evaluation of information gathered from
electrolyzer developers. Using these modified H2A cases for forecourt and central electrolysis, the Panel
developed base-case cost results for current 2009 state-of-the-art technology. The Panel also performed a
sensitivity analysis to express the uncertainty in its base-case values to arrive at a range for the results.
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1 Background

The mission of the U.S. Department of Energy (DOE) Hydrogen Program is to research,
develop, and validate fuel cell and hydrogen production, delivery, and storage technologies.
Hydrogen from diverse domestic resources then can be used in a clean, safe, reliable, and
affordable manner in fuel cell vehicles and stationary power applications. The Hydrogen
Program measures progress against the research and development (R&D) technical targets it
established in conjunction with industry partners. Additionally, it commissions independent
verifications of progress made towards meeting key technical targets. These verifications provide
an unbiased view of the program’s progress that is based on the input of independent technical
experts. Understanding this unbiased information is critical to program decision making; budget
planning; and prioritization of research, development, and demonstration activities. The verifica-
tions help to ensure the quality, objectivity, utility, and integrity of information disseminated to
the public. As such, they improve confidence in the results and conclusions that DOE and other
stakeholders reference in technical and program publications, announcements, Congressional
testimony, and other arenas.

The National Renewable Energy Laboratory (NREL) Systems Engineering & Program
Integration Office (Systems Integrator) was tasked by the U.S. Department of Energy Hydrogen,
Fuel Cells and Infrastructure Technologies (HFCIT) Program Manager to commission an
independent review to estimate the current (2009) state-of-the-art hydrogen production cost
using water electrolysis systems. The NREL Systems Integrator is responsible for conducting
independent reviews of progress toward meeting the HFCIT Program technical targets. Since
2005, the HFCIT Program has provided funding for projects to improve performance and to
reduce the cost of hydrogen production using water electrolysis. Hydrogen production cost esti-
mates for the state-of-the-art technology as it exists today are required for gauging the progress
that industry and these DOE-funded projects have made, and to provide guidance on the direc-
tion of future R&D funding.

This review examines alkaline and polymer electrolyte membrane (PEM) water electrolyzers, as
requested by DOE. The hydrogen production cost review includes both distributed and central
production. For distributed production, the electrolyzer is located at a refueling site and has a
design capacity of 1,500 kg/day. The hydrogen cost includes both the production cost and the
cost of storage, compression, and dispensing (C/S/D). The Independent Review Panel (the Panel)
focused on the cost of production, using the C/S/D costs as outlined in DOE’s H2A Current
Forecourt Hydrogen Production from Grid Electrolysis (1,500 kg per day) version 2.1.2. The
Panel only modified the amount of storage based on its analysis of the electrolysis capacity
factor and site storage needs. For central production, the hydrogen cost is at the plant gate of an
electrolysis operation with a 50,000 kg/day capacity. The review assumes that the plant is
supplied electricity based on renewable energy and has a high operating capacity factor limited
only by the performance of the electrolyzers.

This report provides the results of the Independent Review Panel’s examination of the progress
in meeting water electrolysis cost targets for distributed and centralized facilities. It also provides
perspective on the cost of hydrogen from today’s (2009) “state-of-the-art” distributed and central
production technology. The key cost drivers for hydrogen production from electrolysis are
capital cost and electricity use. The progress made on these cost drivers can be compared with



the DOE targets for these variables. Jointly with DOE, the Panel has defined “state of the art” as
technology that has been demonstrated to at least some degree at a laboratory scale or larger and
that could be commercialized within about a four-year timeframe. The estimate of the current
state-of-the-art technology is compared to that published in the DOE Hydrogen Analysis (H2A)
version 2 electrolysis cases,’ which were based on 2005 technology.

It is difficult to compare the Panel’s results with the DOE Hydrogen Program overall cost targets
for water electrolysis. These targets were established utilizing the H2A Production version 1
models. The H2A Forecourt Production Model version 2 has significantly improved knowledge
of the costs of C/S/D, and includes other improvements which add significantly to the cost of
hydrogen. The H2A central production electrolysis cases used to generate the DOE central
electrolysis targets are based on an integrated wind and electrolysis operation that produces
50,000 kg per day on average, but which has a low electrolyzer operating capacity factor of 58%
due to wind variability. This is very different from the central electrolysis—production case the
Panel was asked to examine.

2 Objective

The objective of this project is to obtain a consensus technical conclusion from a panel of
independent industry experts with regard to the estimated current (2009) state-of-the-art cost of
producing hydrogen from both alkaline and PEM water electrolyzers for distributed and central
production.

3 Data Collection

Initial sources of information for the Panel’s independent review were provided by the DOE, and
included information such as annual and final reports from project principal investigators,
comments provided by Annual Merit Reviewers and the FreedomCAR and Fuel Partnership’s
Hydrogen Production Tech Team on the research and development (R&D) projects, and other
general electrolysis reports and information. The Panel supplemented this information using
literature research, examination of project data and status reports, interviews with technical
experts, discussions with applicable organizations/individuals, and data requests.

To facilitate data collection, an Industry Questionnaire and an Electrolysis Fact Sheet were
prepared (see Appendix A) and sent to interested suppliers. The Fact Sheet includes an
explanation of the goals of the data request followed by a list of specific technology, capital cost,
and production questions covering data items required for the H2A modeling analysis. For
distributed hydrogen production, the cost for compression, storage, and dispensing (C/S/D) was
taken from the DOE-published H2A version 2 case, with only a minor adjustment as indicated in
Section 4.2.1, Capacity Factor and Storage (below).

Table 1 provides a top-level summary of current commercial or near commercial hydrogen PEM
and alkaline electrolysis technologies. As shown in the table, a number of small PEM units,
producing typically less than 100 kg of hydrogen per day, have been constructed and tested or

! Http://www.hydrogen.energy.gov/h2a_analysis.html. Accessed September 19, 2009.
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are in the process of being developed and built. Commercial alkaline electrolyzers that produce
up to 1,000 kg of hydrogen per day currently are available.

All the companies listed in Table 1 were interviewed by the Panel, and all but one of these
companies completed an Electrolysis Fact Sheet and had follow-up discussions with the Panel.
Additionally, the Panel used data from General Electric’s Advanced Alkaline Electrolysis
program. The interviews and data sheets provided a great deal of very valuable information
about the progress that has been made over the past five years and the current state of the art in
the production of hydrogen by electrolysis. The Panel’s opinion is that the progress made thus
far—and which continues to be made—is impressive.

Table 1. Commercial or Near Commercial Hydrogen Production PEM and
Alkaline Electrolysis Technology

Production H, Product
Supplier Location Technology Capacity (kg/day) Pressure (psi)
Avalance United States Unipolar Alkaline Upto 10 Up to 6,500
Giner United States Bipolar PEM Upto8 Up to 1,250
H2 Technologies Norway Bipolar Alkaline Up to 1,000 Atmospheric
Hydrogenics United States Bipolar PEM Up to 127 Up to 363
IHT Switzerland Bipolar Alkaline Up to 1,500 Up to 464
Proton United States Bipolar PEM Upto 13 Up to 435

4 Discussion

4.1 General Discussion
4.1.1 Electrolysis Technology

Hydrogen is produced via electrolysis by passing direct current through two electrodes in water.
The water molecule is split, producing oxygen at the anode (positive electrode) and hydrogen at
the cathode (negative electrode). Typical requirements of the electrolysis systems include
electricity for electrolysis and other peripheral equipment, cooling water for the hydrogen
generation unit, pre-pressurization gas, and inert gas. Three types of low temperature industrial
electrolysis units currently are produced—unipolar electrolyzer, bipolar electrolyzer, and solid
polymer electrolyte electrolyzer.

Alkaline electrolyzers involve using an aqueous solution of potassium hydroxide (KOH). This is
used because of KOH’s high conductivity, and because the oxygen evolution reaction has the
least energy loss in this solution. These electrolyzers do not require precious metals and typically
use nickel electrodes. The electrolyzer units can be either unipolar or bipolar.

A unipolar electrolyzer resembles a tank and has electrodes connected in parallel. This electro-

lyzer design is a high-current, low-voltage system with a single bus bar connecting all the anodes
and another connecting all the cathodes. A membrane is placed between each cathode and anode;
this separates the hydrogen and oxygen as the gasses are produced but allows the transfer of ions.



The bipolar alkaline electrolyzer resembles a filter press. Electrolysis cells are connected in
series; hydrogen is produced on one side of each cell and oxygen on the other side. The bipolar
electrolyzer is a high-voltage, lower current device, and a membrane separates the electrodes.
Most commercial alkaline systems use the bipolar design.

The third type of electrolysis unit is a solid polymer electrolyte (SPE) electrolyzer. Such systems
also are referred to as proton exchange membrane or polymer electrolyte membrane (PEM)
electrolyzers. In this unit the electrolyte is a solid ion conducting membrane and the electrolyzer
therefore is fed with pure water. (This is in contrast to the KOH aqueous solution in the alkaline
electrolyzers.) The traditional membrane is Nafion® and consists of a Teflon®-like polymer with
attached sulfonic-acid groups. The membrane allows the H' ion to transfer from the anode side
of the membrane—where oxygen is produced—to the cathode side where it forms hydrogen. The
SPE membrane then also serves to separate the hydrogen and oxygen gasses. This effectively is
an acid environment, therefore significant precious metal (Pt, Ir, Ru) loadings are used. PEM
electrolyzers typically are configured in the bipolar mode.

The technology used in the chlor-alkali industry is in many ways similar to the PEM technology,
such as using similar types of ion conducting membranes and precious metal catalysts. Although
there are important differences in both environment and cell structure, it is interesting to note that
current chlor-alkali plants are rated at from 8 MW to 10 MW of power per electrolyzer, with

10 or more such units per plant. Despite lower current density than used in PEM water
electrolysis (typically 600 A/cm?” versus 1,000 to 2,000 A/cm?), the rating per unit is greater than
in current PEM development due to a much larger active area (typically 3 m? versus 0.3 m?).
Historically, however, large industrial electrolysis plants have been alkaline. The largest such
plant still in operation— the KIMA fertilizer plant in Aswan, Egypt—has a reported capacity of
74,000 kg/day (about 150 MW), but all other plants with similar capacities have closed.

A typical electrolysis process diagram is shown in Figure 1. Note that different processes use
different pieces of equipment. For example, PEM units do not require the KOH mixing tank
because no electrolytic solution is needed for these electrolyzers. Another example involves
water purification equipment. Water quality requirements differ across electrolyzers; some units
include water purification inside their hydrogen generation unit, and others require an external
deionizer or reverse-osmosis unit to purify water before it is fed to the cell stacks. The PEM units
typically require much greater water purity than do the alkaline units. A water storage tank can
be included to ensure that the process has adequate water available in storage, in case the water
system is interrupted. Each system has a hydrogen generation unit that integrates the electrolysis
stack, gas purification and dryer, and heat removal. Electrolyte circulation also is included in the
electrolyzer module or is installed as a complete package. Oxygen and purified hydrogen are
produced from the generation unit.
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Figure 1. Electrolysis process flow diagrams

Since the last milestone report was written,” PEM electrolyzer suppliers have continued to focus
development efforts on reducing capital costs and improving efficiency. New material choices
have been incorporated and cell structures have been simplified to reduce cost and increase
manufacturability. An example of this is stamped metal bipolar plates. A spin-off from
advancing hydrogen fuel cell technology, current development is directed at meeting the twenty-
fold increased life requirement of the electrolysis application and providing the cost leverage of
replacing the machined cell configurations. Cell design also has benefited from dimensional
changes directed at increasing cell active area and reducing cell resistance, thus increasing
efficiency.

In addition to these cell hardware improvements, PEM suppliers have developed thinner, more
robust membranes including, in some cases, shifts from solid Nafion® to composite membrane
configurations. To improve electrolyzer efficiency, and thereby reduce operating and capital
costs, an advanced thin rigid polymer supported membrane having resistance comparable to that
of a 0.002 inch thick Nafion® 112 membrane—but with significantly improved mechanical
properties—is being tested. This advanced membrane is referred to as a dimensionally stable
membrane (DSM) because the membrane support minimizes changes in membrane dimensions
(swelling/contraction) with changes in water content.

The PEM electrode assemblies traditionally use high noble metal catalyst loadings. These
electrodes provide high performance and reliability but they are very expensive, particularly with
the present high cost of platinum. Catalyst formulations have been altered, and reduced catalyst
loadings are being validated to lower costs yet still provide the required system life and
electrolyzer performance. Suppliers are applying recent developments in fuel cell catalyst
technology to the electrolyzer electrodes. For example, a new cathode consisting of platinum
supported on carbon black catalyst blended with Nafion® ionomer—similar to the composition
successfully used in PEM fuel cells—is being tested. This electrode has a total catalyst loading
that results in a reduction of more than 85% as compared to the baseline.

? Levene, I.; Ramsden, T. (January 2007). Summary of Electrolytic Hydrogen Production. Milestone Report.
NREL/MP-560-41099. Golden, CO: National Renewable Energy Laboratory.



All of the PEM electrolyzer companies consulted have developed systems that can produce
hydrogen at a pressure of at least 300 psi without the use of a gas compressor. This is done by
either pressurizing the feed or using electrochemical compression within the electrolyzer. The
companies have developed the necessary sealing technology to accommodate high-pressure
operation.

Alkaline electrolyzer improvements are also being pursued. These developments typically target
reduced capital costs by increasing pressure, reducing complexity, using novel materials,
increasing current density, or performing a combination of these methods. Elevated pressures are
achieved by either making the seals withstand pressure or surrounding the electrolyzer with a
pressure vessel capable of reaching pressures greater than 400 psi.® Designs are tested both with
balanced H,/O; pressure and with a significant pressure difference across the membrane. Metal
components—such as frames and supports—are being substituted with molded polymers or
elastomers. Current densities are increased from a conventional level of 200 mA/cm” to
approximately 1,000 mA/cm? by using new membranes and reducing gaps between electrodes.

One vendor, for example, describes a pressurized hydrogen generator module for large-scale
applications designed to be compact, flexible, and efficient. Improved energy efficiency and a
small footprint are achieved by operating at 300 psi, eliminating pumps by using self-circulation
of the lye system, and performing integrated gas separation within the module. The use of
separate electrolyte circulation on the anode side and cathode side enhances gas purity. Full-scale
tests have shown that gas taken directly from the cell stack exhibits oxygen impurities of less
than 0.6% and hydrogen impurities of less than 0.1%.

4.1.2 Capital Costs

The direct capital cost of the hydrogen plant is one of the three most significant parameters in
calculating the total cost of hydrogen from electrolysis—the other two being the cost of
electricity and the electrolyzer efficiency. Information was gathered for both cost and efficiency
from open sources and from interested suppliers. Suppliers’ cost estimates were to be based on
“state-of-the-art current technology”—the best technology that they have demonstrated, at least
in the laboratory. The estimates therefore involve some extrapolation and scale-up to commercial
electrolysis units, providing the suppliers with several challenges.

e Cost projections of the electrolyzer cell stack are based on limited experience and
frequently on smaller cells and fewer cells per stack.

e Pricing experience for purchased components is based on lab- or pilot-scale procurement,
thus requiring electrolyzer companies to work with vendors and extrapolate prices to
greater volumes.

* In one extreme case, hydrogen pressures in excess of 5,000 psi were reported.



e Limited experience of some suppliers/developers in designing, estimating, and
purchasing balance-of-plant (BOP) equipment such as transformers, rectifiers, and
control systems.

e Cost projections for developed markets were requested, specifically for 500 identical
units per year for the forecourt design, and a repeat installation of “the n™ plant” for the
central case. The manufacturing methods and the supply chains needed for this scale have
not been developed, and the expected cost reductions are not well understood.

Despite these challenges, suppliers were asked to provide cost estimates for purchased plants for
forecourts and for the complete designed and installed (turnkey) central plant case by completing
the Fact Sheet shown in Appendix A.

Most process plants have a non-linear relationship between the cost of the plant and its
production capacity. This is known as the power law, and generally is expressed as follows.

c=w

Where C is the capital cost of the plant ($) and W is the capacity (e.g., kilograms per day). The
exponent n typically has a value of between 0.6 and 0.8, depending on the type of plant. This
gives an economy of scale because costs increase less than proportionally as capacity is
increased. Power law relationships generally hold up to a maximum value of /¥, which reflects
the maximum practical size of the limiting process unit. For greater total capacities, parallel units
must be installed and the cost relationship becomes linear or nearly so (n approaches 1).

For electrolyzers the limiting unit is the cell stack itself. The area of each electrode is limited
both by manufacturing and by fluid dynamics, and the number of cells in a stack is limited by
tolerances in manufacturing and by the need to avoid excessive voltages across the stack. The
largest commercial electrolyzer cell stacks today have a capacity on the order of 1,000 kg-H; per
day. For greater capacities, several parallel cells stacks can be placed in one electrolyzer and/or
several electrolyzers can be installed, with some sharing of utilities such as power electronics
and controls and possibly other balance-of-plant components. As a first approximation, a power
law cost relationship is expected to hold up to the capacity of the individual cell stack, and costs
increase nearly linearly with capacities beyond this point. Sources in the industry have confirmed
that a power law relationship with an exponent 7 of between 0.6 and 0.7 seems to hold for a wide
range of capacities in today’s market—up to about 1,000 kg/day.

The aggregate vendor data do not validate the power law model for electrolyzer costs. In fact,
there is no significant correlation between cell size or unit capacity and total cost in the Panel’s
data. Differences between vendor technologies seem to overshadow this effect, but it is
reasonable to assume that within one technology a power law still holds. This implies that further
developments could devise technologies that increase the largest available cell stack size, and
thus the total capital cost could be reduced significantly.

Traditionally, PEM electrolyzers have targeted the smaller capacities, and alkaline systems have
dominated the high-capacity industrial market. The PEM developers are striving towards larger
cell sizes and larger stacks, but even in anticipation of this development most PEM suppliers
hesitate to go beyond 500 kg/day per cell stack in their projections. Many base designs on cell



stacks having a capacity of less than 250 kg-H,/day. Two suppliers of alkaline technology
project a capacity of 1,500 kg/day in an individual cell stack, but this also is dependent on
successful scale-up and demonstration of their technologies.

Consequently, the central case and, for some technologies, even the forecourt case involve installa-
tion of multiple electrolyzers in parallel. (A central plant with a capacity of 50,000 kg/day would
have in excess of 50 cell stacks.) This gives a cost penalty compared to a situation in which the size
of each unit is increased; suggesting that increasing the maximum unit size of each electrolyzer can
be a cost reduction target in itself, particularly for large installations. Having multiple units in
parallel also has benefits, however, as it allows for maintenance and unscheduled shutdowns of
individual electrolyzer units and leaves the rest of the plant operational.

Balance-of-plant costs—dominated by items like transformers, rectifiers, and control system—
comprise a significant portion of the total installed costs. The BOP also includes water
purification, hydrogen dryer, and a hydrogen purifier if needed. The estimated percentage varies
considerably between suppliers (from 34% to 86% of the total cost excluding storage and
dispensing), emphasizing the uncertainty in these estimates and for how each supplier draws the
line between the electrolyzer and BOP. Most development work to reduce the cost of electrolysis
focuses on the cost of the cell stack. Realizing that the BOP might cost as much, these items
should receive attention as well.

Looking ahead at a developed market for the current state-of-the-art technology requires methods
for estimating cost reductions as the number of units increases by orders of magnitude.
Installation of 500 forecourt electrolyzer operations per year, each with a capacity of 1,500 kg of
hydrogen per day, equals more than the current global industrial market for this size electrolyzer.
Suppliers of small PEM electrolyzers probably are in the best position to estimate the effect of
manufacturing a great number of identical units, but they must extrapolate to considerably
greater unit capacities than those with which they are experienced. Conversely, suppliers of
alkaline units have capacities that are closer to those needed but have limited experience with
high-volume manufacturing. In both cases the cost projections are uncertain. The consensus
seems to be that a developed market will see unit costs coming down by a factor of two or more
as compared with low-volume manufacturing. New manufacturing methods and new supply
chains should be studied to verify that this cost reduction is achievable. In the Panel’s view, such
reductions remain a realistic assumption. Drawing on mass manufacturing developments for fuel
cells also can contribute to reduced unit costs for electrolyzers.

As long as the maximum capacity of individual electrolyzer cell stacks is less than or equal to the
capacity needed for the forecourt case (1,500 kg/day), the total installed cost per unit capacity
will be roughly the same for both the forecourt and central production cases, excluding other
capital considerations such as buildings, compression, storage, and dispensing costs. A forecourt
refueling station will be based on containerized prefabricated units and the central plant will have
a more open layout; there also will be other differences in the scope.

Figure 2 shows the range of capital costs (obtained from electrolyzer companies) as a function of
capacity. There is no relationship between capital cost and capacity due to the variety of tech-
nologies represented and perhaps differences in capability and approaches used to project costs
to the large market volumes requested (as discussed above). Within the uncertainty of the



collected information, however, the Panel thinks a fair number to be used for the purchased
capital cost is $800 per kilogram per day of capacity (in 2005 reference year dollars*) giving a
total purchased cost of $1.2 million (in 2005 reference year dollars) for the forecourt case. The
central case is based on estimating the total depreciable costs (turnkey) which—with roughly the
same purchased cost for the electrolyzer 